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(54) [Title of the Invention] Computer System 

(57) [Abstract] 
[Problems to be Solved] 

To allow controlling the stop/restart of a bus clock 
without mounting special functions onto peripheral devices on 
a bus, and to reduce the power consumption of a computer. 
[Means for Solving Problems] 

If a bus monitoring circuit 161 detects that both FRAME # 
and IRDY# are de-asserted and a bus request detection circuit 
162 and a system event detection circuit 163 detect that a bus 
request signal and a system event signal are not generated, 
respectively, then an output of a 3-input OR gate 164 turns into 
"L" level indicating that the bus is not operating. As a result, 
a clock control signal output circuit 165 generates a clock 
control signal indicating the stop of PCICLK, whereby supply 
of PCICLK to respective PCI devices is stopped. 
[What is Claimed is] 

[Claim 1] A computer system characterized by comprising: 

a plurality of peripheral devices coupled to a bus of the 

computer system; 

bus clock generation means for generating a bus clock to 

give timing of a transaction on said bus to the plurality of 

peripheral devices ; 

bus idle detection means for monitoring the transaction 

on said bus, and for detecting whether or not a state is a bus 

idle state; 




event detection means for detecting whether or not a bus 
request signal and an interrupt signal are generated from each 
of said plurality of peripheral devices; 

clock control means for controlling a clock generating 
operation of said bus clock generation means based on detection 
results of said bus idle detection means and said event 
detection means , the clock control means stopping said bus clock 
if the bus idle state is detected and it is detected that said 
bus request signal and said interrupt signal are not generated. 
[Claim 2] A computer system according to claim 1, 
characterized in that 

said clock control means comprises: 

means for delaying timing for stopping said bus clock so 
that said bus clock is stopped a certain period of time after 
said bus idle state is detected and it is detected that said 
bus request signal and said interrupt signal are not generated; 
and 

means for restarting supply of said bus clock when it is 
detected that said bus idle state is released and that said bus 
request signal or said interrupt signal is generated. 
[Claim 3] A computer system characterized by comprising: 

a plurality of peripheral devices coupled to a bus of the 
computer system; 

bus clock generation means for generating a bus clock to 
give timing of a transaction on said bus to the plurality of 
devices ; 

bus idle detection means for monitoring the transaction 
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on said bus, and for detecting whether or not a state is a bus 
idle state; 

event detection means for detecting whether or not a bus 
request signal and an interrupt signal are generated from each 
of said devices; and 

clock control means for controlling a clock generating 
operation of said bus clock generation means based on detection 
results of said bus idle detection means and said event 
detection means, said clock control means decreasing a 
frequency of said bus clock when the bus idle state is detected 
and it is detected that said bus request signal and said 
interrupt signal are not generated - 

[Claim 4] A computer system according to claim 3, 
characterized in that 

said clock control means comprises: 

means for delaying timing for decreasing the frequency 
of said bus clock so that the frequency of said bus clock is 
decreased a certain period of time after said bus idle state 
is detected and it is detected that said bus request signal and 
said interrupt signal are not generated; and 

means for returning the frequency of said bus clock to 
an original state when it is detected that said bus idle state 
is released and that said bus request signal or said interrupt 
signal is generated. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 
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This invention relates to a computer system, and 
particularly relates to a computer system having a bus clock 
control function, 
[0002] 
[Prior Art] 

As system buses used for personal computers, an ISA 
(Industry Standard Architecture) bus and an EISA (Extended ISA) 
bus are conventionally, mainly used. In recent years, because 
of the acceleration of data transfer rate and the construction 
of a system architecture which does not rely on a processor, 
a PCI (Peripheral Component Interconnect) bus is gradually 
adopted . 
[0003] 

In case of the PCI bus, almost all data transfer is 
basically block transfer and the block transfer is realized by 
burst transfer. It is thereby possible to realize a data 
transfer rate of a maximum of 133 megabytes /second (when a data 
bus is 32 bits in width) on the PCI bus. 
[0004] 

Accordingly, if the PCI bus is adopted, data transfer 
between I/O devices and that between a system memory and an I/O 
device can be accelerated and system performance can be thereby 
improved . 
[0005] 

In the PCI bus architecture stated above, a relatively 
fast bus clock of 33MH 2 is employed so as to realize fast 
operation. This bus clock is intended to provide the timing 



4 




of a transaction on the PCI bus to respective peripheral devices 
on the bus. While the system is being operating , the bus clock 
is continuously supplied to the peripheral devices on the bus. 
[0006] 

[Problems that the Invention is to Solve] 

Such a fast bus clock is, however, one of large factors 
to increase the power consumption of a computer. For that 
reason, a specification for stopping the bus clock ("CLKRUN" 
protocol) has been incorporated into the specifications of the 
PCI bus. 
[0007] 

To mount this "CLKRUN" protocol on the system, however, 
it is necessary that all the devices on the PCI bus have functions 
corresponding to the "CLKRUN" protocol. Due to this, if there 
exists a peripheral device which does not correspond to the 
"CLKRUN" protocol, the "CLKRUN" protocol cannot be used, with 
the result that the bus clock cannot be stopped. 
[0008] 

This invention has been made in view of the above-stated 
respects. It is an object of this invention to provide a 
computer system capable of controlling a bus clock without 
mounting special functions such as a "CLKRUN" protocol onto 
peripheral devices and capable of easily reducing power 
consumption. 
[0009] 

[Means for Solving the Problems] 

A computer system according to this invention is 
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characterized by comprising: a plurality of peripheral devices 
coupled to a bus of the computer system; bus clock generation 
means for generating a bus clock to give timing of a transaction 
on said bus to the plurality of peripheral devices; bus idle 
detection means for monitoring the transaction on said bus, and 
for detecting whether or not a state is a bus idle state; event 
detection means for detecting whether or not a bus request 
signal and an interrupt signal are generated from each of said 
plurality of peripheral devices; clock control means for 
controlling a clock generating operation of said bus clock 
generation means based on detection results of said bus idle 
detection means and said event detection means, the clock 
control means stopping said bus clock if the bus idle state is 
detected and it is detected that said bus request signal and 
said interrupt signal are not generated. 
[0010] 

In this computer system, by detecting a bus idle state 
and the presence/absence of a bus request signal and an 
interrupt signal, the state of the system can be examined. If 
the bus idle state is detected and it is detected that a bus 
request signal and an interrupt signal are not generated, then 
it is judged that the system is idle and the bus clock is stopped. 
In this case, as long as a bus request signal or an interrupt 
signal is generated even in the bus idle state, the bus clock 
is not stopped. Due to this, the operations of the peripheral 
devices are not influenced. It is, therefore, possible to stop 
an unnecessary bus clock without mounting special functions 
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such as /a "CLKRUN" protocol onto the peripheral devices and 

thereby reduce power consumption. 

[0011] 

Further, it is preferable that said clock control means 
comprises means for delaying timing for stopping said bus clock 
so that said bus clock is stopped a certain period of time after 
said bus idle state is detected and it is detected that said 
bus request signal and said interrupt signal are not generated; 
and means for restarting supply of said bus clock when it is 
detected that said bus idle state is released and that said bus 
request signal or said interrupt signal is generated. 
[0012] 

When the bus clock is promptly stopped in the system idle 
state, it takes time before the supply of the bus clock is 
restarted even if an interrupt signal or the like is generated 
after the stop of the bus clock, thus causing the deterioration 
of system performance. To prevent the deterioration of the 
system performance, therefore, it is necessary to execute as 
many processings as possible collectively within a clock supply 
period. This can be realized by delaying timing for stopping 
the bus clock. 
[0013] 

Moreover, a computer system according to this invention 
is characterized by comprising: a plurality of peripheral 
devices coupled to a bus of the computer system; bus clock 
generation means for generating a bus clock to give timing of 
a transaction on said bus to the plurality of devices; bus idle 
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detection means for monitoring the transaction on said bus, and 
for detecting whether or not a state is a bus idle state; event 
detection means for detecting whether or not a bus request 
signal and an interrupt signal are generated from each of said 
devices; and clock control means for controlling a clock 
generating operation of said bus clock generation means based 
on detection results of said bus idle detection means and said 
event detection means, said clock control means decreasing a 
frequency of said bus clock when the bus idle state is detected 
and it is detected that said bus request signal and said 
interrupt signal are not generated. 
[0014] 

According to this constitution, the frequency of the bus 
clock is decreased instead of completely stopping the bus clock. 
The peripheral devices are normally constituted so that part 
of logics in the devices can operate even while the bus clock 
is being stopped and an interrupt signal and a bus request signal 
can be normally generated, so that no problem arises. However, 
some peripheral devices cannot operate at all if the bus clock 
is stopped. If such a device is connected, it is necessary to 
supply a minimum clock and to ensure the operation of such a 
device without completely stopping the bus clock. By doing so, 
it is possible to reduce power consumption while ensuring device 
operation. 
[0015] 

[Embodiment of the Invention] 

The embodiment of this invention will be described 
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hereinafter with reference to drawings. FIG. 1 shows the 
constitution of a computer system according to one embodiment 
of this invention. This computer system is a notebook or laptop 
type portable computer which can be driven by batteries. On 
the system board of this computer system, there are provided 
a processor bus 1 , a PCI bus 2 , an ISA bus 3 , a CPU 1 1 , a host-PCI 
bridge device 12, a main memory 13, various types of PCI 
peripheral devices 14 and 15, a bus clock control circuit 16, 
a bus clock generation circuit 17, a PCI-ISA bridge device 18 
and various types of ISA peripheral devices 19 and 20 and the 
like. 
[0016] 

Among these components, those functioning as PCI devices 
connected to the PCI bus 2, i.e., the host-PCI bridge device 
12, the various types of PCI peripheral devices 14 and 15, and 
the PCI-ISA bridge device 18 are supplied with a PCI bus clock 
(PCICLK) generated by the bus clock generation circuit 17 . This 
PCI bus clock (PCICLK) is intended to give the timing of a bus 
transaction to the respective PCI devices. All of cycles on 
the PCI bus 2 are executed synchronously with the PCI bus clock 
(PCICLK) . 
[0017] 

Next, description will be given to the functions and 
constitutions of the respective components shown in FIG. 1 . The 
CPU 11 is realized by, for example, a microprocessor "Pentium" 
manufactured and sold by Intel Corp. or the like. The processor 
bus 1 directly coupled to the input and output pins of this CPU 
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11 has a data bus of 64 bits in width. The main memory 13 is 
a memory device storing an operating system, a device driver, 
an application program to be executed, processing data and the 
like. The main memory 13 consists of a plurality of DRAM 
modules . 

[0018] 

The host-PCI bridge device 12 is a bridge LSI connecting 
the processor bus 1 to the PCI bus 2 and functions as one of 
the bus masters of the PCI bus 2. This host-PCI bridge device 

12 has a function of two-way converting bus cycles including 
data and addresses between the processor bus 1 and the PCI bus 
2, a function of controlling access to the main memory 13 through 
the memory bus and the like. 

[0019] 

The PCI bus 2 is a clock synchronous type input and output 
bus and all cycles on the PCI bus 2 are executed synchronously 
with the PCI bus clock as stated above. The maximum frequency 
of the PCI bus clock is 33 MH 2 . The PCI bus 2 has an address/data 
bus used in a time division manner. This address/data bus is 
32 bits in width. 
[0020] 

A data transfer cycle on the PCI bus 2 consists of an 
address phase and one or more data phases following the address 
phase. In the address phase, an address and a transfer type 
are outputted. In the data phases, data of 8 bits, 16 bits, 
24 bits or 33 bits is outputted. 
[0021] 
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The PCI devices 14 and 15 are, for example, a graphics 
controller, a PC card (or card bus) controller, an IrDA 
controller, an SCSI controller and/or the like. Each of the 
PCI devices 14 and 15 functions as the bus master of the PCI 
bus 2 as in the case of the host-PCI bridge device 12. 
[0022] 

The PCI-ISA bridge device 16 is a bridge LSI connecting 
the PCI bus 2 to the ISA bus 3 and functions as one of the PCI 
devices. The ISA devices 19 and 2 0 on the ISA bus 3 are, for 
example, an HDD, a system timer, a keyboard controller and/or 
the like. 
[0023] 

The bus clock control circuit 16 controls the 
stop/restart of the supply of the PCI bus clock (PCICLK) to the 
respective PCI devices. The control of the circuit 16 over the 
stop/restart of the PCI bus clock (PCICLK) is conducted based 
on a bus idle signal, a bus request signal and a system event 
signal. The bus idle signal indicates the operating state of 
the PCI bus 2, i.e. , whether the PCI bus 2 operates (or executes 
a bus cycle). The bus request signal is a signal with which 
a bus master requests the right of using the PCI bus 2 to a PCI 
bus arbiter. The system event signal indicates that some event 
such as an interrupt signal, occurs in the system. 
[0024] 

The bus clock control circuit 16 detects that the PCI bus 
is idle using the bus idle signal. If the bus request signal 
and the system event signal are not generated, the bus clock 
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control /circuit 16 controls the bus clock generation circuit 
17 using the clock control signal to stop the bus clock. Also, 
if a bus request signal or a system event signal occurs while 
the bus clock is being stopped, the bus clock control circuit 
16 controls the bus clock generation circuit 17 using the clock 
control signal to restart the supply of the bus clock. 
[0025] 

FIG. 2 shows an example of the concrete constitution of 
the bus clock control circuit 16. As shown in FIG. 2, the bus 
clock control circuit 16 consists of a bus monitoring circuit 
161, a bus request detection circuit 162, a system event 
detection circuit 163, an OR gate 164 and a clock control signal 
output circuit 165. 
[0026] 

The bus monitoring circuit 161, which is intended to 
generate the above-stated bus idle signal, monitors a 
transaction on the PCI bus 2 using a frame signal FRAME* and 
an initiator ready signal IRDY# defined on the PCI bus 2, asserts 
the bus idle signal at "H" level when it is detected that the 
bus is not operating and de-asserts the bus idle signal at "L" 
level when it is detected that the bus is operating. 
[0027] 

Here, FRAME # is a signal driven by a present master to 
indicate the start of a transaction and the period of the 
transaction. When the signal FRAME* is de-asserted, it 
indicates that the transaction is in the final data phase. 
IRDY# is a signal driven by the present master and asserted to 
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show that the master has outputted defined data to the bus in 
a write cycle and asserted to show that the master is ready to 
receive data in a read cycle. 
[0028] 

When both FRAME # and IRDY# are de-asserted, the bus 
monitoring circuit 161 detects that the bus is idle and asserts 
the bus idle signal at "H" level. 
[0029] 

The bus request detection circuit 162 monitors all bus 
request signals REQ1# to REQn# inputted from the respective PCI 
devices to the PCI bus arbiter and asserts the bus request signal 
at "H" level if one of the request signals REQ1# to REQn# is 
asserted. 
[0030] 

The system event detection circuit monitors an interrupt 
signal INTA-D inputted from the respective PCI devices to the 
interrupt controller, an interrupt signal IRQO-15 inputted from 
the respective ISA devices to the interrupt controller , a 
non-maskable interrupt signal NMI and a system management 
interrupt signal SMI. If one of the interrupt signals occurs, 
the system event detection circuit assets that the system event 
signal is at "H" level. 
[0031] 

The bus idle signal from the bus monitoring circuit 161 
is inversely inputted to the first input of the 3-input OR gate 
164. Also, the bus request signal and the system event signal 
from the bus request detection circuit 162 and the system event 




detection circuit 163 are inputted to the second input and the 
third input of the 3 -input OR gate 164 as they are, respectively. 
The output of the 3-input OR gate 164 indicates that the bus 
is operating ("H" level) /the bus is not operating ("L" level). 
The output of the 3-input OR gate 164 is inputted to the clock 
control signal output circuit 165. 
[0032] 

The clock control signal output circuit 165 generates a 
clock control signal indicating the stop/restart of PCICLK 
based on the output of the 3-input OR gate 164. Next, the 
operation of this embodiment will be described with reference 
to FIGS. 3 and 4. 
[0033] 

A timing chart shown in FIG. 3 shows timing for stopping 
the bus clock (PCICLK) . Namely, if it is detected that both 
RRAME# and IRDY# are de-asserted and that the bus request signal 
and the system event signal are not generated, the output of 
the 3-input OR gate 164 turns into "L" level indicating that 
the bus is not operating. As a result, the clock control signal 
output circuit 165 generates a clock control signal indicating 
the stop of PCICLK, whereby the supply of PCICLK to each of the 
PCI devices is stopped . 
[0034] 

If a clock request signal is generated (i.e., if the bus 
monitoring circuit 161 detects the assertion of FRAME # and IRDY#, 
the bus request detection circuit 162 detects the occurrence 
of a bus request signal or the system event detection circuit 
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164 detects the occurrence of an interrupt signal) while the 
supply of PCICLK is being stopped, the output of the 3 -input 
OR gate 164 turns into "H" level indicating that the bus is 
operating. As a result, the clock control signal output circuit 

165 generates a clock control signal indicating the restart of 
PCICLK, whereby the supply of PCICLK to each of the PCI devices 
is restarted. 

[0035] 

As can be seen, according to the constitution shown in 
FIG. 2, a system state can be examined by detecting whether the 
bus is idle and detecting whether or not a bus request signal 
and an interrupt signal are generated. If it is detected that 
the bus is in an idle state and that a bus request signal and 
an interrupt signal are not generated, then it is judged that 
the system is idle and PCKCLK is stopped. In this case, as long 
as a bus request signal or an interrupt signal is generated even 
while the bus is idle, PCICLK is not stopped, so that the 
operations of the respective PCI devices are not influenced at 
all. Further, if a bus request signal or an interrupt signal 
is generated from a certain PCI bus while PCICLK is being stopped, 
the supply of PCICLK is restarted and it is possible to carry 
out a normal transaction synchronous with PCICLK. It is, 
therefore, possible to stop an unnecessary bus clock without 
mounting special functions such as a "CLKRUN" protocol onto the 
PCI devices and to thereby reduce power consumption. 
[0036] 

FIG. 5 shows the second example of the constitution of 
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the bus /clock control circuit 16. Here, a snap timer 166 is 
provided besides the constitution of FIG. 2. This snap timer 
166 is intended to delay timing for stopping PCICLK by a certain 
period of time. When the output of the 3-input OR gate 164 turns 
into "L" level indicating that the bus is not operating, the 
snap timer 166 starts a count operation and if the count value 
reaches a predetermined value, the timer 166 notifies the clock 
control signal output circuit 165 that the count value reaches 
the predetermined value. As a result, the generation of a clock 
control signal indicating the stop of PCICLK is delayed by as 
much as the count time of the snap timer 166. The count value 
of the snap timer 166 can be made programmable by, for example, 
providing a configuration register for setting counter values 
in the bus clock control circuit 166 and setting a counter value 
corresponding to desired delay time by means of a software. 
[0037] 

FIG. 6 shows a manner of the transition of the state of 
the bus clock control circuit 16 shown in FIG. 15. In FIG. 6, 
a state SI (RUN) shows a state in which PCICLK is supplied. If 
it is detected that the bus is not operating in this state, the 
state is moved to a state S2 (SNAP). In the state S2 (SNAP), 
the snap timer 166 carries out a count operation. If the 
generation of an interrupt signal or that of a bus request signal 
is detected while the snap timer 166 is carrying out the count 
operation, the state is returned to the state SI (RUN) and the 
count value of the snap timer 166 is returned to an initial value. 
On the other hand, if the snap timer 166 completes the count 
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operation in the state S2 (SNAP), the state is moved to a state 
S3 (STOP). In the state S3 (STOP), the supply of PCICLK is 
stopped. If the generation of an interrupt signal or that of 
a bus request signal is detected in the state S3 (STOP), the 
state is returned to the state SI (RUN). 
[0038] 

FIG. 7 shows operation timing when the state SI (RUN) is 
changed to the state S3 (STOP) by way of the state S2 (SNAP). 
That is, if it is detected that both FRAME # and IRDY# are 
de-asserted and that a bus request signal and a system event 
signal are not generated, then the output of the 3-input OR gate 
164 turns into "L" level indicating that the bus is not operating. 
As a result, the snap timer 166 starts a count operation. PCLCLK 
is continuously supplied until the count operation is completed. 
When the count operation is completed, a clock control signal 
indicating the stop of PCICLK is generated from the clock 
control signal output circuit 165, thereby stopping the supply 
of PCICLK to each of the PCI devices. 
[0039] 

When PCKCLK is stopped promptly when the bus becomes idle, 
it takes time to restart the supply of PCICLK even if an interrupt 
signal or the like is generated after the stop of PCKCLK, thus 
causing the deterioration of system performance. In this 
embodiment, therefore, by delaying PCICLK stop timing by a 
predetermined period of time by the count operation of the snap 
timer 166, it is possible to prevent the deterioration of the 
system performance and to execute as many processings as 
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possible collectively within a clock supply period. 
[0040] 

Furthermore, some PCI ' s require several clocks before the 
next event occurs after a bus transaction is completed. Due 
to this, by employing the snap timer 166, it is possible to 
promptly respond to such a bus request signal or interrupt 
signal from the device. 
[0041] 

The above description has been given only to a case of 
stopping PCICLK while the bus is not operating. However, if 
PCICLK is continuously supplied while the frequency of PCICLK 
is decreased instead of stopping PCICLK, it is also possible 
to reduce power consumption. Operation timing in this case is 
shown in FIG. 8. 
[0042] 

That is, if it is detected that both FRAME # and IRDY# are 
de-asserted and that a bus request signal and a system event 
signal are not generated, then the output of the 3-input OR gate 
164 turns into "L" level indicating that the bus is not operating. 
As a result, the clock control signal output circuit 165 
intermittently generates clock control signals so as to 
decrease the frequency of PCICLK, whereby the frequency of 
PCICLK supplied to the respective PCI devices is decreased to 
some fraction thereof. If a clock request signal is generated 
while such a slow clock is operating (i.e., if the bus monitoring 
circuit 161 detects the assertion of FRAME* or IRDY#, the bus 
request detection circuit 162 detects the occurrence of a bus 
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request signal or the system event detection circuit 163 detects 
the occurrence of an interrupt signal), the output of the 
3-input OR gate 164 turns into "H" level indicating that the 
bus is operating. As a result, the clock control signal output 
circuit 165 generates a clock control signal indicating the 
restart of PCICLK, whereby the frequency of PCICLK supplied to 
the respective PCI devices is returned to an original frequency. 
[0043] 

Alternatively, the above-stated slow clock control and 
the snap timer 166 shown in FIG. 5 may be combined and the 
frequency of PCKCLK may be decreased a certain period of time 
after it is detected that the bus is not operating. 
[0044] 

The normal PCI devices are constituted so that part of 
logics in the devices can operate even while the bus clock is 
being stopped and an interrupt signal and a bus request signal 
can be normally generated, so that no problem arises. However, 
some PCI devices cannot operate at all if the bus clock is stopped. 
If such devices are connected, it is necessary to supply a 
minimum clock and to ensure the operation of the devices without 
completely stopping the bus clock. By doing so, it is possible 
to reduce power consumption while ensuring device operation. 
[0045] 

[Advantage of the Invention] 

As stated so far, according to this invention, by 
detecting whether the bus is idle and detecting whether or not 
a bus request signal and an interrupt signal are generated, the 
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state of the system is examined. By controlling the 
stop/restart of the bus clock according to the state of the 
system, it is possible to stop an unnecessary bus clock without 
mounting special functions such as a "CLKRUN" protocol onto the 
PCI devices and to thereby reduce power consumption. By using 
the snap timer and controlling the frequency of the bus clock, 
in particular, it is possible to improve system performance and 
to realize a power saving which does not rely on the types of 
the PCI devices. 

[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 is a block diagram showing the constitution 
of a computer system according to one embodiment of this 
invention. 

[FIG. 2] FIG. 2 is a view showing an example of the 
constitution of a bus clock control circuit provided in the 
system in this embodiment. 

[FIG. 3] FIG. 3 is a timing chart showing a clock stop 
operation using the bus clock control circuit shown in FIG. 2. 
[FIG. 4] FIG. 4 is a timing chart showing a clock restart 
operation using the bus clock control circuit shown in FIG. 2. 
[FIG. 5] FIG. 5 is a view showing the second example of the 
constitution of the bus clock control circuit provided in the 
system in this embodiment . 

[FIG. 6] FIG. 6 is a view showing the transition of the state 
of the bus clock control circuit shown in FIG. 5. 
[FIG. 7] FIG. 7 is a timing chart showing a clock stop 
operation using the bus clock control circuit shown in FIG. 5. 
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[FIG. 8] FIG. 8 is a timing chart showing the operation of 
a bus clock frequency decreasing processing realized by using 
the bus clock control circuit shown in FIG. 2 or 5. 
[Description of Reference Symbols] 

2 ♦.♦ PCI bus 

3 ... ISA bus 

11 ... CPU 

12 ... host-PCI bridge 

13 ... memory 

14, 15 ... PCI peripheral device 

16 ... bus clock control circuit 

17 ... bus clock generation circuit 

18 ... PCI-DS bridge 

161 ... bus monitoring circuit 

162 ... bus request detection circuit 

163 ... system event detection circuit 
166 ... snap timer 
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FIG. 1 
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FIG. 2 
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FIG. 8 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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9W ^#±4" CLOCK IS BEING STOPPED 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce the power 
consumption of a computer by enabling control over the 
stop and restart of a bus clock without mounting any 
special function on a peripheral device on a bus. 

SOLUTION: When a bus monitor circuit 161 detects 
FRAMED and IRDY# being both supported and a bus 
request detecting circuit 162 and a system event 
detecting circuit 163 detect a bus request signal and a 
system event signal not being generated, the output of a 
3-input OR gate 164 goes down to 'L' indicating that the 
bus is not in operation. Consequently, a clock control 
signal output circuit 165 generates a clock control 
signal indicating the stop of PCICLK, and consequently 
the supply to PCICLK to respective PCI devices is 
stopped. 
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(57) [Sft] 

F R AME #*3 itf I R D Y #36«*i:f 7 
if- HStLfcwi:^^E«|lllBl 6 l laotM^ 

^A-r^<> h^ttitelSSl 6 3tCj:oT^tU^n^i:. 3 
A^OR^- M 6 4<Dm?)&<><X0W)fctp$:^'t' 
"L" U^yuttt5 0 r.*U;:J:9, ^B^BSPfi^U 
^lUSg 1 6 5^6liPC I C LK(DfM:«:fi*i"5^ cj 

y * S *u r. *uc i o -c# p c i 




1 

*« #*s J: xm 9 &*ra*a**& stitftv^t a 

Ac 

2 ] SHE* n -y ^ Mtt^Stt. 

*fs**s i xm 9 &*«j§-a**± s ix-cftt ^ t * s ««a 

Sixfc <b # * n y * ^^&^c§r{gT^-tt6 * ci 

'< ^ K*«-^*5 4 xm 9 *ftt4^:i 



(2) WBS^pi 1 - 5 3 0 4 9 

2 

[0 0 0 1 ] 
[0 0 0 2] 

jtSv'* 7" t L"CI4. I S A (Industry 
Standard Architecture) 

I S A (Extended ISA) a<*3&S£8E1? 

£>[Z^ PCI (Peripheral Compone 
20 nt Interconnect) s<X tfSglcffl $ tb#?£> 

[0 0 0 3] PC I ^f^^Tfi, fSiA/if^TOx 

tit^J: 1 ?. PC I^tlift^l 3 3M^ h/» (f 

[0004] Lfc3&So-t\ PCI/^5:Sfflt5i:, I 

30 ^ 4: (DBll^-^ftai* ifSrfti* ictT 5 r. <h 3fl*«TtB4: 4 

[000 5] ^^iyjJPCW^T-^f^ftt 
14. iBi£»^3iawfcfe«-3 3MH z <bi^5it«W«i 

(4 PC I /<^±^ h^Vlf^ ><D#^ ^ 

^^Sb^^(4«IC/<^JiOili22^^^^{C^$n^(t 

[0 0 0 6] 

**45iW — ^iftS, Z.<Dtztb, &aT?(4, PCI 
fil ( "CLKRUN" h *SfiS9a*ix5J:5 

[0007] :w "clkrun" t'd hn 

(Dy*'^*!)* "CLKRUN" T'n h=i/H:»ffit5fc 
«xo«fiBt«ro- i^KtSixa. ^^fc^, "CL 
50 KRUN" h3/u{c^^UT^^gE#^>/^iZ2T f ^^>r 



3 

^tfS^frt-^iB^tt "CLKR UN" Zfa Fn/U^ffi 

[0 0 0 8] r^Jg^ttroi p/£^i-K*-C*S*tfc 
t<0-C*>f9, HiS^'M "CLKRUN" :/n h = 
/uft 4r©»a>J*«ffi«rH»'r 5 ^ t ft < 9 * s> * £ 

3fts^rtB* = > tr»-? ix^^ A 5 z. i S: @ift<t 

[0 0 0 9] 

» 9 $ *lt * v * - t $ nfc t # m 

[0 0 10] r<D=i>t 0 ^ — 9*/**r MC^^X^ y< 

"C LKRUN" h3/u*4fO«FJ5'J*«tBS:3l 
£rf S w t ft < ^K*'** * o * * Srffit-e* 5 J: o \z 
ft 9. «*W»<oiS«S:EBSwi:iS"Ct«. 
[0 0 11] BMa*ny^fW»*«iLTtt. m 

E^r^f h>««-e*)5rt*«ttijsn» Rows/* 

* »*«#*5 J: tf« 9 $ *LT ft V % ^ i 

£ *tX^ &— e«FWttiB« IwffilE^^ ^ o y ^ 

[0 0 12] ^^-r^T-f K/^ici"CtC/<^^ a 



(3) 1-5 3 04 9 

4 

[0 0 13] Sfc. :«03yt'a-^>^n 

^g^©^ ^ n y ^ ^■bf^SrMWi" 5 9 n jy ^ Mffll^ 

V ^ <t dsftl W $ nfc t # mTfS^ ^ ^ a y ^ ^J1K^C^{£ 
TJtS^oy^ Mfli^a; i««t5:fc«r»»tt 

20 6o 

[0 0 14] r<o«/«lcj:*itf, /^^d^^S:^ 

T^>f ^Ciot fi/< ^ pay? iSffih $ L * 5 i 
^:<tbf^T*#ftv^t > ^Dt>^bSo UJ J ot, r^)<t9ft 

30 ^c#ih-f-^£DT^ift<. ^5»fiK<7?^Dsy^S:«i» 
[001 5 ] 

\z&t> 5 =3 v t° ^ — ^ T A ©fllfig^TS * *L"C ^ o 

ir y1>-/<-X 1 . CPU1 

i , ^h-pciyy y^asai 2, i^^ey 13, 

^§-S P C I ftm?*'^ ^14, 15, w$ 
0SS 16. 9 u y 9 ^fiKEK 17. P C I - I S A 

^^36E i 8. *3<tt/*a i s AHaix'^ * 1 

9, 2 0ft^?i)^(te>nT^6 o 

[00 16] r.ixP>3>2K— h^rts PCI^2 
l-*«$ttfcPC I ^W^fc UT«fig"t"5t><7). -Tft 
fc>tb** I — PC 1 r>Ml 2. §1PC I i^iZ2 
50 ^14, 15, PCI-IS A.y D v i/$iB 1 8 



(4) 

5 

lzi* y '<x?vy?£.f&.\B}&l 7trJ;o-C£jSc£;ixfcP 

C ls<X?B (PCICLK) frm&£tlZ>o wOT 

P C I s<X (PCICLK) II #PCI 7 s '< 

^tcDT*fc<9. PCI/^2±W^;Mj:itPCI 
✓^^ny^ (PCICLK) tCp]^L-ClltT$tl5 Q 
[0 0 17] #C(C X g|l<^#:=i h^Stg^J: 

tWSfifcKo^TlftW^So CPUl ifi, Mill 

* "P e n t i urn" <£ ot*a^tlr^ 0 w 10 
(^CPUl KDAW^fVtCffi^^nTV^^nir^i^ 
'**1J1 6 4 tfy ^^^SrWLtV^So * 

l 3(1 ^i/^r^^fA, ?^^K 

[0018] h-PC I Xy 2(1 Xn 

ir yif^^ l tPC I 2 4:<z>[HS:JRCXy y^L S 

Itfc^ PC I s<X 2(Ds<X^rX?(D 1 o£ LTSIfg 
i"5 0 :^h-PCI^yyv^SBl2ft ^Pt 20 
y-yv<;* UPCI 2 t(omx\ "r—Z&ZXfT K 

x** -=ey y i 3&7?±x$m'tz> 

[0019] PCI 2 te^ a-^ I^SIS^AfcH^ 

^/MiPC I n y^tcl^MBL-CfTfttoixSo PC 

I ^ □ y ^ ©ISftlift^: 3 3 MH z t fc5o P C 
1^211 i*#«WKtt/HSix57 Ku^/f-?^ 

^£*LTV^ 0 ;i<7)T K^^/f- *a**I1 3 2 fcT 30 

[0 0 2 0] PC I 2 ±<Df— pmmV'C ^/Wl 

[0 0 2 1] PCI ^14, 15 7 

>fn3yha-7> PC^-K (# — K'**) 

I r DA^y f d — ^7 N SCS I Fa-7 40 

* 4f"C*> 9 . ^h-PCI^y^ ^36K l 2 t HHSd 
P C I /^2^^^i: LT^fg-f"^o 

[0 0 2 2] PCI-ISAyjy^tl6lt PC 
I 2 t I SA/^ 3 £<Z>[H]«:JRCXy r^LS IT* 
*>!K PCIf^^O)loiLX«ffit5o I SA'< 
^3J:(DISAr/W^19, 2 0lt Mill HD 

6„ 

[0 0 2 3] ^ o y ^ SlISKBlKg 1 6 tt* P C I -T'< 
-f^i:»t5PCI^^Ps'^ (PCICLK) (7>{& 50 
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ie^fflh/f5MSr#]»-r5fc»^tw-C*>D. ^WPC 
1***9 (PCICLK) Wffih/SBB^Wai 

(1 '<*:r^ K/Mf ^ ^Jztfv'^A 

PC I 2 <DibffM£fBk o*5^^«ifP* <^*>r 
^,u||fft0 ■CfcSsa^^Sr^-ro '**fi#«-5§-fl 
^X^JPC I 2 0>fiEJfl1f SrPC I a^t— tr* 

*£Lfc;=. tfrt'fcSo 

[0 0 2 4] n y^MUPEIilS 1 6(1 A<*T>f K 

/Hf^-tr J: 6 PC I s<x<DT-( K^Srtfttab, a**s?jR 

* « W«»«c id/^^D^ ^SlElK 1 7 frffijlp IT 

fc»^lcfl A***' a ytmWm'&l 6(1 ^P^^fSJ 
»{f -5§-K «t r> * o s> ^ 4fej5feESS 1 7 £rifnj#p Lt/^ 

[0 0 2 5] H2lC(l ^^^as/^ffl»|5lKi 6C0^ 

s/^ffl»HIKl 6(1 /^^miilSSl 6 1. A<*ff3Ktfc 
tbleISSl6 2 x ^fAY^b^ffllUKl 6 3, OR 

y-n64, *3ctv^n y^iwaifa-^a^iiiKi 6 5 

[0026] ^^Kffiisias i6i ttpriE^^^r-f K/i- 
:Sfc»^fc^-e*>o. pc i^2±^ 

a^ttfc^ 7 ^-Aff^FRAME #ioJ:t/-T ^^>zn— ^ 
Uf>(Hf^ I RDY#^fflV^tPC I A** 2 h7 

^^r^ic^^r-Y K/Mf-§-4r "H" u^Mcr^—h 
L, ^^iff ttfeS : t SrftB 1ft i: S 1:14/^7^ 
FVWf-^£r "L" u^/uCfrt- h-t-6 0 
[0 0 2 7U:t, FRAME #11 h^^lf^i^a 

K9-<XStl5ff-g'"C*)5o FRAME^Sf7t-F 

fcSr^^/Tto I RDY#liSffi^A^iaoT K 

(cT-y— U — K*>f ^/Mc*5V^-C(l -^^^^ 

[0 0 2 8] ltlf)FRAME#ioJ;{;i RDY#^ 
i:77t- h $nTv^-5 <b /^^miHlSS 1 6 1 (i^< 

% "H" !/^;H:7t- h-T^ 0 
[0 0 2 9] ^*^;fcl&miH]3g 1 6 2 (1 PCI 7 s 

y<^y ^^c^ hff^-REQ l#-REQn #$:i£SU 



7 

REQ 1 # — R EQ n n^^M^T^— h$iX"C^ 

[0 0 3 0] ^^7"A-f^O HftffiElfSfL *PCIf 

ff-^ INTA-D, #1 S A-r^-<^35*e>W9 Ji^=»> 
ho— 7{wAy3S*t*9J9a*«-S-I RQ0- 1 5. $ 

"H" U^t/M^T*— hi"«o 

t 0 0 3 1 ] '<*Kffi!3S& 16 1 fr^tD'^TJ K/ufS 
^-fi. 3 O R h 1 6 4 1 i^EftAA ^ 

htftWEiaS 1 6 3frh<Ds<*m#m^r&£^>X7- 
A^-<> Mt^li. -t<Z>£* 3 A^ORy- h 1 6 4<D 
%2AXt3£Vtm3AJj\^fr?tiAJl£tiZ><, 3A* 
ORV— h 1 6 4<Dti\Jj&/<xW)fc$ 3 ( "H" U"</u) 

n y^ft!l»«^tH^lHlSS 1 6 SKA^StlSo 

[0032] ^ a y^sjaiff-g-a^iaKi 6 smu 3 a 

^ORy- h 1 6 4 0|il*j|£S*5V^CPC I CLKOff 

fc. H3*3<fcO ? ig4S:#fiaUT, *Hifi?Bll8<0»f^S:R 

[0 0 3 3] m3<D*^ 5 + — hfi^^^oy^ 

(PCICLK) £#ih£ii:5»^<0*>f S >^T-*> 
So FRAME#*J<t(;iRDY#«|:f 

t/v-^^A^r-o hfS-&^s«**ix-C*v^4:36S»tH* 
tLSi, 3 A*ORy- h 1 6 4<0ttl^te'<;*#ll!jf£* 
S:*-*- "L" i/^tftS. rftlcfclk 9uy9#m 
«*ttjyj|ElK l 6 5^f)liPC I CLK(D^ihS:Jg^-r 
«^By^Mai«^«384sn, :ni:J:oT#PCI 

f^^wt^pc i cLKofltje^ffihsnSo 

[0 0 3 4] ^^P.CICLKOWmmWiC ^ 
ct^FRAME #*fcf* I RDYffOTt- htfM*ttk 

sfctt^^A-r^v htttHiaKi 6 3^<t5«o 

&^{f^C03g£<D&tli) . 3A^ORy- h 1 6 4G0& 

9. ^oy^ffiiJftlff^fflyjlsIKl 6 5^E>ttPC I CL 

laotftPC I r^W^^t^PC I C LKflMJfeSS 

[0 0 3 5] CCD i 5 H2<z>«*«c«tixtf. '<*T 
hvutt» % ^^K#«#feJ:tfW9ii^f»^#SlS: 
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8 

K/UT?*)5i:W»$ JxTPC I C L KaMfiL£ix5 0 - 

PC I CLKIiffJt$jX*V^"C #PC I *<d 
mfclz&W&5-Z-&^t&%:\<\ PCICLKW 

f^it^tcpc i ^^&^K#fs#^w9a*« 

*a*3B££ix5i:* P C I C L K<Dmt&&Uffl £*U P 
C I C L KKiaJH LfcIE«/,£'<* h ^ ^if ^ v- a vSrfT 
5^i^llBi:*S. cfcoT. PCIf^^i: "CL 
io KRUN" h 3/^4 if <o«Bi]*«ffiSr 

[0 0 3 6] H5^fi, s<x*zty?fflmm&l 6 <Dm 

*1-y?9 4-* 1 6 6^»JtbiX"Ct^So 
y^^vl6 6ft PC I CLK(Df?lh^-r S 
— 3efflra«&1t5*:»Ot<0'T?*>9. 3A^OR^-h 

1 6 4<z>fflyjd5^^*Bf^*Sr*-t- "L" w^uifco 
"C^&^^^hlbmSrHiftU f^^MClL 

20 fct^ici-tixSr^n y^ffij«i{t^-ffi^|iiBi 6 5 tciM^n 
t5 0 wix(cj;9, PC I C LK<0ffJhSrffi*-t-5^ n 

[0 0 3 7] 0 6fc:i±* HSO^-X^n^^lHWlplKl 
30 6 0^^cO^^^$ixTU>5o B6tC:fc^-<\ tR 
|S1 (RUN) liPCICLKWSSilTV^^ftl 

2 (SNAP) IC^flSnSo «tS2 (SNAP) "C 

.x^y^^^^l 6 6<D^7^>- hib^fftoixSo 
^ty^^-el 66^i7> htbft^^fij^i^^f-^ 

(RUN) {^m^$tt6i:^i-. ^t^7l6 6 
h«±«nJHWcHS*t5 Q «ftgS2 (S 

NAP) irfcV^-C^-t-y^^-f ^ 1 6 6(0^7 $ > hlftfP 
40 sOS^T-rai:, «S3 (STOP) ic^fTSK^o 
IS3 (STOP) -Cli. PCICLK©Mi s fflt$ 
«1S3 (STOP) {CioVNTf]^ iA^fH-^^^ 
^^^»*«-S-o*4ids»ttl$ixS4:, ttffis l (R 
UN) irffl4§£*i5o 

[0 0 3 8] 07(Ctt. MS2 (SNAP) ftftr*tt 
1S1 (RUN) ^btlS 3 (STOP) \zm»1rZ> 
t^<om^^< ^>-^d«*SlxT^So FR 
am E #ioJ:L^ I RDY#^i:f7t» hSixfcr. i: 

so m^^^sixT^^r t^ftmsnst, 3a^or 
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h i 6 4cota^(^^^®jf^^^^i- "l" 

PC I CLKIiffi^^tlfclt^o tit, #£>blHt 

*u o t§ p c 1 ^c^ts p c i c l 

[0 0 3 9] s<XT-< K/U^t--rCSCPC I CLK^ 

*^j(7)j: 9(c x pc i c lk<dW±?4 * 
-tv-ft-i-vx 6 6<dxv> bWimzx^x—jznmm 

[00401 Sfe, PCIt«totli^h7>'f^V 

[0 0 4 1] 4*3, K±<^RW-efi. ^^^tffticp 

C I C LKSrf?ih-*-5»-&<7?0t]{cov^TO*KMbfc 

PC I CLKSrflCihi-5ftto9^ tO««fttfi 
TJt^ff^PC I CLK^MLIf^J: 9(at 

[004 2] FRAME#fc<t^IRDY# 

*»USft5t, 3A^0Ry-M6 4Offi^ll/^ 

y ^SWlHf 1 6 S^bliPC I C 

£*u rtUc^oT&PC I T^M^lcBfelSSixSPC 
I CLK^HttftlHRr^o l ^iS«SJx5o 

ixfii (^^KaiggSi 6 lUJ:SFRAME#4fctt 
I R D Y #(D7t — KOtfettL '**5*Blttlls]i» 1 6 2 

W) , 3 A^ORy- h 1 6 4(7)fflM^if^ t t 1 ^ 
fcfcl^lHlSg 16 5^5)liPCICL K^S^SrJg^-T^ ^ 

oy^«i»«#3&s»5t*ix, :ti(aot^pc i ^< 
* x\zm&£tiz> pcicl K<Dm&&tejz<nm&$tic 

[00 4 3] ifc. ^iJi^n-^D^^IHSliB 
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5<DX-ry7*'f-7l 6 6 i Srft^to-frXttffl U 
[0044] il^OPC I T^-f^lL o 

PCI f/^^lCiottt^^D y^^ffJhSn 
10 rrc>J: iter'** x&&lgl£tixit*&m&ta*. BJiEL 

[0 0 4 5] 

<tQ, PC If^^f: "CLKRUN" hn/^ 
^o4*g>Jft«tB«:lt«i-* r. 4: ft < * n y * 

«rffjh-C#5J: 5«::ft9. *;**H*<Dffi#«:BS r t & 

■fe— ^SrHm-C^SJ: 5t-ftSo 

[iI(Dffi¥4Ii] 

[Hi] w<o»W©— lllfiJBffitcfiiSa yt^-^^ 
30 rAoM^typ^^Elc 

[0 2] f^^ffi?KSi(D^'^7 i A^(te>n^:^<^^ a y 

[03] |g2(^>^^^t3 S /^s^^il|H]»s:fflv^fc^D ^ y^ 

[04] H2W^^^n y ^ftfl»iailSSrfflV^fc^ns/^ 

WBBBf^Sr«-r*W $ is?*?*— K 
[0 5] l^ll^ffic^^^^Afri^ttbtifc^^^n-/ 

[0 6] H5^^Dy?M@B©««l84:St 

40 0 O 

[07] ms<D'<x* a y?fflfflmi&t:m^ti* n y ^ 
[08] H2*fcliH5<0^^^ o y^ffi(ffli|plBSrfflv^ 

[ff^Rfl] 

2 — PC I 

3- 1 S A^<^ 
1 1 * C PU 

50 1 2 h- P C I y y 
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1 3 
1 4, 
1 6- 
1 7- 
1 8- 



1 5 - PC I J^iQx'W -X 



*PCI -DS^y yv* 
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1 6 1 

1 6 2-/<^K*«taj0» 
1 6 3 >x^jW-<> 
1 6 %—*1ry-f9'i'* 



CPU 
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